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/Po? ABSTRACT 

It has been shown that sulfur  dissolves i n  alkali-halides and alkali- 

thiocyanate melts. These solutions of su l fur  have a character is t ic  blue 

color. To ident i fy  t h e  species responsible f o r  t h i s  color, t h e  v i s ib l e  and 

infrared absorption spectra of NaSCN and KSCN were studied. The v i s i b l e  

absorption can be characterized as a continuum w i t h  a band peak at 558 w. 
The infrared range covered was from 2 t o  15p. Absorption by t h e  su l fur  

was observed t o  occur at about 14.5~. A comparison of t h e  continuum ob- 

served i n  t h e  v i s i b l e  region w i t h  that observed f o r  su l fur  vapor i n  t h e  

range of 300' t o  700' C shows that t h d  su l fur  species i n  solution i s  most 

probably S4. 

It has been shown that sulfur  dissolves i n  LiC1-KC1, LiBr-KBr, and 

KSCN t o  give a charac te r i s t ic  blue solution. 

t h e  behavior of su l fur  i n  alkali halides and alkali thiocyanates is  not 

surprising s ince t h e  cyanide ion very closely approximates t h e  properties 

of t h e  chloride ion. Since the  thiocyanates melt at  lower temperatures 

and since su l fu r  is  released by decomposition (as opposed t o  the  more 

d i f f i c u l t  i n t r o d u c t i m  of sulfur  i n to  t h e  alkali halides by d i s t i l l a t i o n  j, 

The corres'pondence between 
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the near-ultraviolet, visible, and infrared absorptions of the  a l k a l i  

thiocyanate systems were measured i n  an attempt t o  ident i fy  the sulfur  

species present. 

p la t  inum-screen technique. 

obtained by use of Vycor cel ls .  

The infrared spectra were obtained by use of the 

The near-ultraviolet and v i s ib l e  spectra were 

The samples were prepared by using reagent grade materials that were 

0 heated gradually under vacuum t o  10 C above t h e  melting point. On 

melting, the  systems appeared water white. When bubbling i n  t he  m e l t s  had 

ceased, t he  samples were removed from t h e  vacuum l i n e  and f i l t e r e d  through 

Pyrex glass  wool. 

model 13 with a N a C l  prism. In  t h i s  region, the platinum-screen c e l l  was 

used. The cell was maintained at 10 mm Hg by continuous pumping. The 

temperature of t h e  screen was controlled t o  within +2' C by use of a relay- 

type proportional controller. The controller had a Pt-Pt 13 percent Fth 

thermocouple sensor, which was attached t o  the  center of the  screen. 

upper l imit  t o  the use of t h i s  c e l l  was approximately 400 

temperature, the evaporation of the sulfur  destroyed the  film. 

u l t rav io le t  and v i s ib l e  regions were covered by use of a Perkin-Elmer 

m o d e l  350 w i t h  a fused s i l i c a  prism. T h i s  instrument i s  designed t o  

cover the region from t h e  near-infrared region t o  t h e  near-ultraviolet 

region. For t h i s  purpose, lead sulfide and photomultiplier detectors i n  

conjunction with tungsten- and hydrogen-lamp l igh t  sources were used. 

For convenience, Vycor ce l l s  wrapped w i t h  Nichrome w i r e  and heated by t h e  

Infrared data were obtained by using a Perkin-Elmer 
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proportional control ler  were used i n  t h i s  region. 

was inserted in to  the  c e l l  by a tube sealed in to  the  cel l .  

The thermocouple sensor 

In both cases, t h e  samples were run against air. To balance t h e  instru- 

ments, the reference beams had t o  be attenuated by 50 percent. 

therefore reported as re la t ive  transmission. 

siderations, the thickness of t h e  thiocyanate m e l t  on the  platinum screen 

was estimated t o  be 0'05 mm. 

had a 1-cm l igh t  path. 

The data are 

From density and area con- 

The Vycor c e l l s  used i n  t h e  v i s ib l e  region 

Care had t o  be taken that no large thermal gradient was present i n  the  

platinum screen o r  Vycor cel l .  

d i s t i l l  out of solution. 

was kept t o  a minimum - approximately 5 mm wide. 

t he  heated salts did not pose any experimental problem. 

If such a gradient was present, sulfur  would 

To prevent this ,  the  width of the platinum screen 

A t  400' C, t h e  emission of 

Figure I shows t h e  infrared absorption spectra of KSCN at 250' and 400° C 

and of NaSCN at 300' and 400' C. The infrared spectra of these aalts i n  t h e  

range of 2 t o  15p a m  &oat ident ical  since the  absorption is  primarily due 

t o  t h e  thiocyanate ion. 

Table I gives the peak positions f o r  the bands observed. 

are i n  good agreement with those reported f o r  so l id  KSCK3 The 2vl assign- 

ment f o r  NaSCM was not foundj however, a peak was observed at  about 3225 cm-l 

that can be a t t r ibu ted  t o  the presence of t he  hydroxyl ion. 

The cation coupling i s  not observed i n  t h i s  range. 

These positions 

In both cases, 

there  was a d i s t inc t  temperature broadening of t h e  bands. Mo appreciable s h i f t  i n  

peak posit ion was observed as  a function of temperature. Where shif ts  did 
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occur, no uniform trend was observable. The absorption at h > 14.5 p, 

may be a t t r ibu ted  t o  t h e  presence of sulf'ur. 

The near-ultraviolet and v i s ib l e  absorption spectra f o r  KSCN at 

250' and 400' C shown i n  Figure 2 a re  characterized by short wavelength 

cutoffs at  0.28 and 0.35~~ respectively, and by a strong absorption maxi- 

mum at 0 .56~  for  t he  400' C melt. The short wavelength absorption edge 

can be a t t r ibu ted  t o  sulfur  absorption and not t o  the absorption of 

e i ther  cyanide o r  the thiocyanate ion. This was shown by observing a 

d i s t inc t  sh i f t  i n  the absorption edge w i t h  t h e  increase i n  in tens i ty  of 

t h e  0 . 5 6 ~  peak. The s h i f t  of t h i s  absorption edge toward longer wave- 

lengths was di rec t ly  related t o  the intensi ty  of t he  band peak and could 

not be related t o  t he  temperature broadening of t he  cyanide o r  thiocyanate 

ion. 

A t  t h e  temperatures involved i n  these experiments, sulfur is known t o  

exis t  as a high-molecular-weight, yellow polymer.4 It is  therefore a 

poss ib i l i ty  that the  sulfur  species responsible f o r  t h e  blue color might be 

a lower-molecular-weight polymer w i t h  an add electron. 
.* . 

Since sulfur  is 

known t o  polymerize further i n  the presence of hydroxyl groups, NaOH was 

added t o  the blue m e l t .  

formation of a precipi ta te  of t he  high-polymer 61ilphur at' the& 3eiqeratures 

A yellow sulfur precipi ta te  ww formed. The 
- -  

would tend t o  indicate that the blue sulfur species i n  solution was itself 

a low molecular-weight species. 

R. C. Brasted, Comprehensive Inorga- Vol. 8, D, Van 
Nostrand Co. Inc., Princeton, New Jersey, 1961 
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A n  examination of t h e  v i s i b l e  absorption spectra of sulfur  vapor i n  the 

range of 300' t o  700' C shows that the  absorption of t he  S4 species is almost 

ident ical  t o  that of the blue sulfur species present i n  the alkali thiocyanate 

m e l t s .  

maxhnm at 510-mp. 

i n  t he  m e l t  is not unexpected because of the influence of dipole forces. 

!Fhe absorption spectra of S4 i n  the vapor is a continuum with i t s  

The fac t  tha t  the  band peak is  shifted t o  lower energies 

The close resemblance of t he  absorption character is t ics  of S4 vapor t o  

that of the sulfur species i n  the melt along w i t h  t h e  fac t  that S8 absorbs 

i n  the untraviolet and S6 and S2 a r e  known t o  be yellow5 indicates that the 

species present i n  the  fused salts is S4. 

blue color i n  l iquid oxygen i s  due t o  the presence of 04. 

It is interesting t o  note that the 

%on €L l3raune and E. Steinbacher, Z. Naturforsch. - 7a 486 (1952) 
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2770 

K POSITIONS FOR MOILPEN KSCN 

2788 v1 + v 3  

MD NaSCN 

Ksm 

vang1( 250' C) 

2020 

4000 

27 40 

2c20 

fi 
7 43 

vCm-1(3000 c) 

2762 

2020 

1718 

1406 

1255 

935 

745 

-1 
v~m-~(400 '  Q) 1 vcm Assignment I 

I4087 2V l  I 

1709 v3 + 2v2a -1 
1227 v3 + v~~ 

741 I 748.f v3 ' I  
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Figure  2. - Visible absorpt ion s p e c t r a  of molten KSCN. 
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